Introduction
Intensive efforts are underway worldwide to develop chemotherapeutic agents effective against HIV. Attempts are continuing to discover drugs that can interfere with a stage in the viral replicative cycle without damaging the normal processes of the host cell. Azidothymidine (AZT, Retrovir) [1] (1) is approved as an anti-HIV drug [2, 3] targeted as an effective inhibitor of the HIV reverse transcriptase enzyme [4] . However, this compound is not free from undesired side effects [5] . For this reason, different laboratories continue to synthesize new series of AZT analogues such as 5aminocarbonyl-phosphonyl and aminocarbonylmethylphosphonyl diesters [6] , 5'alkylethoxy-and aminocarbonylphosphonates [7] , amino acid carbamate derivatives [8] , and amino acid phosphoramidate monoesters [9] in addition to several AZT analogues [10] [11] [12] to establish the structure-activity relationship for the AZT antiviral activity as well as its resistance to the HIV. The therapeutic (selectivity) index of some of these compounds exceeded that of the parent AZT due to their higher antiviral activity. HAART program (drugs combination) has taken a good opportunity to deal with the HIV problem, since many laboratories have some spectacular success by using a combined drugs with AZT. Several groups of researchers [13] [14] [15] [16] [17] [18] had reported an extensive conformational analysis of AZT at the semi-empirical AM1 level with full relaxation of all geometric parameters and careful consideration of furan puckering and the rotational states of the thymine-furan, furan-azide, furan-methylene, and methylene-hydroxyl bonds. We report here the structural and electronic properties of our proposed derivative, 3'(4-(5-oxo-5-piperidin1-1-yl)penta-1,3-dienyl)benzo[d] [1, 3] dioxol-2-yl]-thymidine (AHE), in case of the azide residue of AZT is replaced by a potentially active piperine group, for structural and activity comparison purposes. [19] is a naturally occurring product, isolated from ground black pepper, together with other alkaloids of piperidine, piperettine and piperanine [20] . Our study is the theoretical structural investigation for the proposed nucleoside, 3'-piperin-thymidine (AHE, 2), in comparison to the AZT, where the azide is replaced by the piperine congres. This study is performed at the three levels of density functional theory calculations method (3-21G*, 6-31G* and 6-31G**).
Experimental
The density functional theory (DFT) calculations were carried out with the GAUSSIAN03 suite of codes [21] [22] [23] [24] [25] . To perform such an analysis the B3LYP [26] [27] [28] method coupled to the 3-21G*, 6-31G* and 6-31G** basis set were employed [29, 30] . This method implements non-local correlation provided by the LYP expression, and VWN functional III for any local correlation. Also one must mention that LYP has both local and non-local terms, and the correlation functional can be described as:
There by, VWN provides the excess local correlation required, because LYP contains a local term similar to VWN. Tight convergence criteria were used to verify that energies were in fact accurate. Additionally, the frequencies were evaluated to make sure that the structures were minimum energy species along the potential energy surface. The SCF convergence was set to 0.001 kcal/mol and the RMS gradient was set to 0.001 kcal/(Å mol) in the calculations. Fig. 1 shows the optimized geometries of the AHE (a) 3-21G*, (b) 6-31G* (c) 6-31G** results. We find that the structural parameters of these levels are very similar. The calculated energies obtained by different levels (3-21G*, 6-31G* and 6-31G**) of the studied molecule as well as the highest occupied and the lowest unoccupied MO (HOMO and LUMO respectively) energies and the inter frontier MO energy gap (LUMO -HOMO energy difference, ∆ E) with the lowest and highest level energy values are also given in Table 1 . The resultant dipole moments of the AHE molecule (Table 1 ) are about 5.5, 6.36 and 7.35 Debyes by three levels (3-21G*, 6-31 G* and 6-31 G**) respectively. It can be speculated that the change of dipole moment is firstly due to the component and nature of optimized geometries in these three levels, rather than the electron density redistribution over the central fragment. The AHE which has a greater dipole moment will be more stable in polar solvents. This property of AHE makes it an active molecule with its environment, therefore the AHE molecule may interact with its environment strongly in solution.
Results and Discussions
The molecular orbital surfaces of the HOMO and LUMO for AHE presented in Fig. 2 showed that the contour plots of HOMO and LUMO of AHE in three levels are similar. The electron density of HOMO is concentrated on the dioxolane and benzene ring of the parent AHE. As for the LUMO, the electron density distribution is mainly localized on the C-C axis of the conjugated system. So the electronic transition from HOMO to LUMO could lead to a big geometrical relaxation about the C-C bond. On the other hand, the electronic transition from HOMO to LUMO could lead to the intramolecular charge transfer from benzodioxole to the parent AHE. The electronic character is also of interest with respect to its reactivity, especially towards nucleophilic agents. Isosarface of the electrostatic potential (ESP) of molecule illustrated that oxygen and nitrogen atoms have more negative ESP regions in comparison to other atoms, which means that both oxygen and nitrogen atoms undergo protonation reaction with acidic reagents [31, 32] .
Conclusion
The structural and electronic properties of our proposed derivative, 3'(4-(5-oxo-5-piperidin1-1-yl)penta-1,3-dienyl)benzo[d] [1, 3] dioxol-2-yl]-thymidine (AHE), in case of the azide residue of AZT is replaced by a potentially active piperine group, are reported here for structural and activity comparison purposes. Our study here is the theoretical structural investigation for the proposed nucleoside, 3'-piperin-thymidine (AHE, 2), in comparison to the AZT, where the azide is replaced by the piperine congres. This study is performed at three levels of density functional theory calculations method (3-21G*, 6-31G* and 6-31G**). It can be speculated that the change of dipole moment is firstly due to the component and nature of optimized geometries in these three levels, rather than the electron density redistribution over the central fragment. The AHE which has a greater dipole moment will be more stable in polar solvents. This property of AHE makes it an active molecule with its environment, therefore the AHE molecule may interact with its environment strongly in solution. 
